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The heterogeneous dynamics of jammed suspensions of soft particles is analyzed using three-dimensional 
particle dynamic simulations.  Our results reveal how particle softness determines the dynamics at different 
length scales.  The long-time shear-induced diffusion coefficient, the structural relaxation time, the shear stress 
and the normal stress differences are found to be universal functions of the same non-dimensional shear rate 
that depends on the solvent viscosity, particle elasticity and volume fraction.  They are interconnected through 
simple relationships that predict the macroscopic rheology from microscopic dynamics. 
 
Soft particle glasses (SPGs) are amorphous materials composed of deformable particles jammed at volume 
fractions beyond close-packing where they are in contact and interact through elastic repulsive forces.  They 
include many systems of practical interest such as concentrated emulsions, microgel pastes, micelles or star 
polymer solutions.  In SPGs each particle is constrained in a cage formed by its neighbors by elastic forces and 
cannot move over long distances unless an external stress larger than the yield stress is applied.  The flow 
curve that relates the shear stress to the shear rate is well described by the generic Herschel-Bulkley (HB) 
equation; the first and second normal stress differences follow similar relations.  An open and important question 
concerns the microscopic origin of 
these empirical equations and their 
connection with the particle scale 
dynamics of SPG. 
 
We show that at short time, the 
sustained elastic forces exerted by the 
particles at contact are responsible for 
ballistic motion whereas at long time 
the dynamics is diffusive with a shear-
dependent diffusion coefficient.  We 
characterize the single particle 
dynamics using the elastic force 
autocorrelation function and the 
intermediate scattering function that 
provide a microscopic relaxation rates.  
The shear-induced diffusion 
coefficients, the structural relaxation 
time, shear stress, and normal stress 
differences are interconnected through 
these relaxation rates (Fig 1.).  These 
quantities appear to be universal 
functions of a unique non-dimensional 
shear rate that characterizes the 
competition between the advection time and the cage relaxation time  (the ratio of the solvent viscosity to low 
frequency shear modulus of the suspension which depends on the particle elasticity and volume fraction).  Both 
the macroscopic rheology and the local relaxation rate display HB behavior and can be deduced one from the 
other, suggesting a method to extract the global rheology of SPGs from microrheological data.  Furthermore, the 
Herschel-Bulkley rheology and the particle diffusion and their exponents can be determined directly from the 
behavior of the force autocorrelation function.   
 
 
Fig. 1. (a) Master curve of the structural relaxation time as a function 
of the scaled diffusion coefficient.  (b) Master curve of the 
normalized excess shear stress versus the normalized excess 
structural time. The dashed line is a power-law fit to the data. (c) and 
(d) Master curves of the normalized excess normal stress 
differences. The dashed lines are a power-law fits to the data: 
